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INTRODUCTION 

Solar cells with high base resisitivities have the potential, if prop- 
erly designed, of providing high radiation tolerance. In the past however, 
radiation- damage studies have been largely limited to cells with base re- 
sisitivities of 20 ohm-centimeters or less. Hence, because of the potential 
for increased radiation resistance, we have determined the performance 
parameters after 1-MeV electron irradiation of n'*’ p p'*' silicon solar 
cells of varying thicknesses with boroh-doped p^base resisitivities of 1250 
and 84 ohm-centimeters. Although more appropriately described as n'^ p p"'', 
the higher resistivity cells approach the NIP condition. Because of the low 
majority carrier concentration in the base, a significant portion of the 
cell is in high injection under air mass zero (AMO) illumination. Thus high 
injection theory was used in analyzing the experimental data. 

EXPERIMENTAL 

The pre-irradiation cell characteristics are shown in table I. The 
cells were fabricated by Comsat under a program aimed, among other things, 
at demonstrating that high-quality, thin-high-resisitivity cells could be 
made using processing compatible with conventional practice (ref. 1). The 
cells were irpdiated, at room temperature, by 1-MeV electrons to a maximum 
fluence of lO^^ per square centimeter. Normalized short-circuit currents 
as a function of fluence are shown in figures 1 and 2, while normalized open 
circuit voltages are shown in figures 3 and 4. 

ANALYSIS AND DISCUSSION 

From figures 1 and 2, it is seen that the degradation in short-circuit 
current is small for the thinner cells in both resistivities. On the other 
hand, the highest degradation in Igc occurs for the thickest 1250 ohm- 
centimeter cell. This phenomenon is associated with bulk resistivity and 
the absence of conductivity modulation occurring in high-injection 
(ref. 2). We are presently formulating a comprehensive theory of NIP solar 
cells which will be used in analyzing the complete cell characteristics. In 
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the absence of such a complete closed-form theory, we have limited our- 
selves, for the present to consideration of the open-circuit voltage. Our 
analysis is based on a theory which is valid for both low and high injection 
(ref. 3). A schematic diagram of the cell structure is shown in figure 2 
where Vj and Vjg are the voltage developed across the front and back 
junctions, respectively, and V3 is the voltage drop across the cell 
base. For illumination from the n"*" side (ref. 3) 
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In equation (4) b « Vnlvp where Up and up are the mobilities 
of electrons and holes, respectively, in the base^ region, np(o) and 
np(w) are the base minority carrier concentrations at the front and back 
junctions, respectively, and N/^p is the acceptor concentration in the 
base. 

Typical results for the voltage components are shown in figures 6 and 
7. Considering the components of Vq^, we note that Vg, the front 
junction potential for the 84 ohm-centimeter cell, is significantly greater 
than that for the 1250 ohm-centimeter cell. Analysis based on equation (2) 
indicates that this differential is due predominantly to a lower value of 
Iq the device saturation current, for the 84 ohm-centimeter cell. Con- 
sidering Vj0, it is noted that the rear junction potential is several 
times greater for the 1250 ohm-centimeter cell than for the lower resistiv- 
ity cell. Analysis based on equation (3) shows that this is due primarily 
to the decreased acceptor concentration in the 1250 ohm-centimeter cel 1. 

With respect to Vg, it is noted from the figures that this component 
increases with fluence, contrary to what is observed for the other compo- 
nents. Computation of the base minority carrier concentrations at the junc- 
tions show that these concentrations change with fluence. Hence, from equa- 
tion (4), a change in the minority carrier distribution with fluence is 
responsible for the observed rise in Vg. 

In computing the preceding voltage components, the base minority 
carrier diffusion length was treated as an adjustable parameter, thus yield- 
ing computed values of diffusion length. The resultant pre-irradiation 
values are shown in table II where the high-injection values correspond to 
the present AMO data, while the low-injection values were obtained using a 
low level X-ray excitation technique (ref. 4). Also shown in the table are 
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cfiffusion length damage coefficients Kl obtained for both the high and 
low injection conditions. A thickness-dependent diffusion length is noted 
in high injection, while the diffusion lengths for low injection are signif- 
icantly smaller than those obtained under high injection. In addition, the 
damage coefficients for high injection are lower than those for low injec- 
tion. We are at present unable to give a consistent explanation for the 
thickness dependence of the diffusion length. On the other hand the rela- 
tive diffusion length values are consistent with a saturation of recombina- 
tion centers under high injection conditions. 

CONCLUSION 

The present results, obtained from an analysis of open-circuit volt- 
ages, show a much greater contribution to Vpc from the back junction 
than is the case for the lower resisitivity (p < 20 ohm-centimeters) in 
common use. The base minority carrier distribution is seen to be signifi- 
cant in determining the contribution of Vg, the base contribution to 
Vqc. Although Vg is small, its value increases with increasing radia- 
tion fluence. In this connection, it is noted that, with illumination from 
the p"*" side, the sign of Vg becomes positive, and Vg itself becomes 
an additive term to ^ qq . 

Diffusion lengths determined under high injection conditions are sig- 
nificantly greater than those obtained under low injection, while damage 
coefficients under low injection are higher than these obtained under high 
injection conditions. Although additional analysis is required, this result 
appears to be consistent with a saturation of recombination centers under 
high injection. 
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TABLE I. - PRE-IRRADIATION CELL CHARACTERISTICS 
[AR Coating; Ta 205 . ] 


Resistivity, 

p» 

ohm-cm 

Thickness, 

t, 

yttl 

Open- 

circuit 

voltage. 

Short- 

circuit 

current, 

Fsc* 

mA 

Fill 

factor, 

percent 

Effi- 

ciency, 

percent 

Number 

of 

cells 

1250 

61 

577 

128. 9 

74.8 

10.3 

2 

1250 

101 

579 

141.9 

72.2 

10.8 

1 

1250 

250 

580 

146.8 

69.9 

10.9 

1 

85 , 

56 

589 

130.5 

75.4 

10.6 

t 

85 ’ 

250 

572 

152. 5 

70.2 

11.2 

3 


TABLE II. - DIFFUSION LENGTHS AND DAMAGE COEFFICIENTS 


Resistivity, 

p 

ohm-cm 

Thickness, 

t, 

ym 

Diffusion length, 
L, 
ym 

Damage coefficient, 
Xl 

High 

injec- 

tion^ 

Low 
i njec- 
tion^ 

High 

injec- 

tion® 

Low 

injec- 

tion^* 

1250 

61 

859 

224 

4x10-12 


1250 

101 

1075 

220 

5.2x10-12 

9x10-12 

1250 

250 

1667 

219 

5.7x10-12 

20x10-12 

84 

56 

610 

130 

8.4x10-12 

18x10-12 

84 

250 

914 

155 

12x10-12 

40x10-12 


^From AMO data. 
^From X-ray data. 
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NORMALIZED OPEN-CIRCUIT VOLTAGE VS 1 MeV ELECTRON FLUENCE 
FOR 84 OHM-CM N'^PP'^ CELLS 
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1 MeV electron FLUENCE (cm‘2) 
FIGUE3 


NORMALIZED OPEN-CIRCUIT VOLTAGE VS 1 MeV ELECTRON FLUENCE 
FOR 1250 OHM-CM N'^PP'^ CELLS 










